L-2-chloropropionic acid-induced neurotoxicity is prevented by MK-801: possible role of NMDA receptors in the neuropathology.
We have demonstrated that following a single oral dose of L-2-chloropropionic acid (L-CPA) to rats (750 mg/kg; pH 7) there was a marked and widespread loss of granule cells in the cerebellum as assessed by neuropathology by 48 hr. There also appeared to be limited damage to Purkinje cells, whereas stellate, Golgi, and basket cells were not affected by L-CPA administration. The L-CPA-mediated cerebellar neuropathology was accompanied by a significant increase in the cerebellar water content and sodium concentration, 48 hr following L-CPA administration, suggesting an edematous reaction. After 36 hr, the animals displayed marked locomotor dysfunction and had to be terminated at 54 hr due to marked weight loss. We did not observe any neuropathology in forebrain regions nor was the water content in the forebrain significantly different from controls in animals which had been treated with L-CPA. Cerebellar aspartate concentrations were reduced 48 hr following L-CPA administration becoming marked at 54 hr and accompanied by a significant reduction in cerebellar glutamate concentrations. The density of N-methyl-D-aspartate (NMDA) receptors in the granular layer of the cerebellar cortex was also significantly reduced at 48 and 54 hr following L-CPA administration. Prior administration of MK-801 (dizocilpine) (5 mg/kg/i.p.), an irreversible NMDA receptor antagonist, 30 min before an oral dose of L-CPA (750 mg/kg) prevented the loss of both granule and Purkinje cells. There was no abnormal locomotor activity in the L-CPA rats treated with MK-801 except for the first 4 hr following dosing when animals were severely sedated. Animals which received L-CPA plus MK-801 were normal 96 hr post dosing showing that MK-801 did not delay the onset of L-CPA toxicity. There was no alteration in cerebellar water content or sodium concentrations in rats which had been administered MK-801 with L-CPA. The reductions in cerebellar aspartate and glutamate concentrations were totally prevented by administration of MK-801, as was the reduction in L(-)[3H]glutamate binding to cerebellar NMDA receptors. Administration of MK-801 alone (5 mg/kg/i.p.) did not alter the water content, sodium concentrations, aspartate or glutamate concentrations, or the density of NMDA receptors in the cerebellum. In conclusion, we suggest that L-CPA-induced neurotoxicity leading to loss in granule cells and an accompanying cerebellar edema can be prevented by MK-801, suggesting that a subpopulation of NMDA receptors found on cerebellar granule cells play a pivotal role in mediating the toxicity of this compound.